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Prologue 

Advances in biology through agronomy, aquaculture, coastal and environmental sciences 

is an electronic book, edited by Pantanal Editora, based on the compilation of research papers where the 

authors of the different chapters have used highly current scientific methodologies and research 

equipment.  

The biological sciences as the main object of research in agriculture, aquaculture, coastal and 

environmental sciences generate every day an understanding of knowledge that allows raising the 

scientific level of society as part of universal access to knowledge.   

This book mainly addresses issues related to the use of plants extracts as sustainable alternatives 

for biocontrol of pests and bacterial diseases. It also brings together information on viruses and other 

diseases in aquatic organisms. In addition, studies of mangroves structure and their contribution to 

carbon sinks in experimental sites in northwestern Mexico are presented. Finally, an analysis on 

educational strategies for environmental education based on plant biology is carried out. 

Editors appreciate the participation of the authors who have come from higher education 

institutions and research centers of great scientific prestige in Mexico. The majority of them are members 

of the National Research System of CONACyT, Mexico. 

The authors 
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ABSTRACT 

In shrimp culture around the world, health is an important issue. Being the viruses the main factor in 

America in terms of mortalities in shrimp production. Among which the White Spot Syndrome Virus 

(WSSV), Taura Syndrome Virus (TSV), Infectious Hypodermal and Hematopoyetic Necrosis Virus 

(IHHNV), Penaeus Vannamei Nodavirus (PVNV) or even Yellow Head Virus (YHV) stand out. 

According to reports issued by the epizootic international organization (OIE), these are one of the main 

lines of research in many institutions. With YHV being one of the most important since it is one of the 

most aggressive pathogens in Thai aquaculture, becoming a threat to aquatic production systems 

worldwide. Nevertheless, advances in molecular biology, handling skills and sanitary pursuit of the units 

of aquatic production. Allow us to understand the strategies of replication, infection and distribution of 

the same unit. The purpose of this review is to summarize the progress of research on the YHV complex 

and its genotypes and distribution in wild and cultured shrimp around the world. In addition, different 

methods are used for its detection (presumptive and confirmatory analysis) and strategies against YHV. 

 

Keywords: Shrimp, Virus, YHV. 

 

INTRODUCTION 

In aquatic activity, mainly shrimp farming, the spread of viral diseases is one of the most 

important problems to address since viruses represent one of the most abundant pathogens in the ocean. 

At present, up to 20 different attacking-peneid viruses have been identified, including White Spot 
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3 Departamento de Ciencias de la Salud, Universidad de Sonora, Campus Cajeme, C.P 85199, Cd. Obregón, Sonora, México 
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Syndrome Virus (WSSV), Taura Syndrome Virus (TSV), Infectious Hypodermal Hematopoyetic 

Necrosis Virus (IHHNV) and Yellow Head Syndrome Virus (YHV) (Lightner et al., 2012).  

Despite efforts such as biosecurity and better management practices in production systems 

carried out in aquaculture, the dispersion of pathogens (mainly viral) is a reality and one of the main 

problems in terms of health or performance reduction, since the rapid spread of pathogens is due to 

activities such as recreational and commercial fishing, as well as the wide range of existing hosts in these 

community environments. Among the pathogens of importance for shrimp culture are YHV, which has 

been submitted mainly in Asian countries. In 1992, it was first detected in black tiger shrimp (Penaeus 

monodon) and caused large economic losses in Thailand and Vietnam. In 1995, this virus caused losses of 

5000 tons, which represents up to 40 million dollars in the Indo-Pacific region. YHV is closely related to 

gill-associated virus (GAV), which has caused havoc in P. monodon culture systems in Australia since 1996 

and has been shown to be a chronic infection of wild organisms of eastern Australia.  

Since 2012, YHV has been found on the sanitary code list for aquatic animals by the World 

Animal Health Organization (the OIE–Office International des Epizooties). Currently, YHV has been 

found in other Asian countries, such as Taiwan, India, China, the Philippines, Indonesia, Sri Lanka and 

Malaysia. In Australia, India, Indonesia, Malaysia, Mozambique, the Philippines, Taiwan, Thailand and 

Vietnam, GAV has been detected, and other genotypes of YHV (YHV complex) have been detected in 

apparently healthy P. monodon (Walker et al., 2001).  

YHV in America is considered an exotic disease, and at present, its detection has not been 

confirmed by pertinent institutions. Despite this in 1995, there was one suspect of YHV in Texas (USA) 

in a WSSV co-infection, and later between 1995-2000, it was detected together with WSSV in frozen 

shrimp for importation. Subsequently, the presence of YHV was suspected in Central America between 

1999-2000 and in Ecuador from 2000-2001. Nonetheless, Alday (2000) refers to the presence of YHV in 

a non-YHV-associated pathology, since the sequences of the amplification with five sets of primers 

allowed the identification of all the complexes of YHV, and only one obtained positive results for YHV.  

In Mexico, there are reports of this disease in wild organisms of Penaeus stilirostrys and cultured 

Penaeus vannamei in the country’s northeast coasts, which, despite not being official reports emitted by 

OIE, create uncertainty in the productive sector. However, the majority of America, eastern Africa and 

some specific zones from eastern and southeastern Asia can be considered YHV free, according to 

established rules by OIE (Lightner et al., 2012). 

 

Description of the etiologic agent of YHD 

Yellow head disease (YHD) is caused by an envelope; bacilliform singled stranded positive RNA 

virus (40-60 nm x 150-200 nm) with a grooved nucleocapsid. This virus contains three important 

structural proteins: two glycoproteins of the coat, gp64 (63-67 kDa) and gp116 (110-135 kDa), and the 

viral nucleocapsid protein p20 (20-22 kDa) (Stentiford et al., 2009).  
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YHV is classified within the genus Okavirus, from the Roniviridae family, inside of the order 

Nidovirals (Liu et al., 2009); it is known that Toro, Arteri and Coronavirus are related (Jitrapakdee et al., 2003). 

RNA viruses have developed a wide range of strategies to express their genes, and a very recurrent 

strategy is the synthesis of subgenomic RNAs (sgmRNAs) (Miller and Koev, 2000). Nidovirals such as 

Toro, Arteri, Coronavirus and Okavirus differ evidently in genome size, architecture of the virion and host 

ranges, but their common ancestor is evident due to the identity of sequences in their replicase proteins 

and the similitude of the organization of their genomes, the order of the genes and the strategy of 

replication (Cowley et al., 2000).  

In the 5´ end genome of all Nidovirus, over two-thirds of the genome is used for the translation 

of the polyprotein replicase gene (ORF1a gene); downstream, a small gene group is found, which 

expresses a cluster of sgmRNAm, and all keep at the 5´ end a leader sequence that is derived from 5´ end 

genomic RNA and fused to the body of the transcript. Okavirus shows discontinuous transcription 

similar to Torovirus, unlike Arteri and Coronavirus (Vliet et al., 2002).  

On YHV structural proteins, it has been confirmed that in virions, only the gp116 and gp64 

proteins are glycosylated, unlike the p20 nucleoprotein (Soowannayan et al., 2010). Jitrakpadee et al. 

(2003) reported that the proteins gp116 and gp64 are encoded inside ORF 3 of the genome of YHV, 

which encodes the pp3 polyprotein of 1666 amino acids (aa), which contains six hydrophobic regions 

and undergoes posttranslational cleavage to produce a polypeptide of 228 aa of unknown function, as 

well as the envelope proteins gp116 and gp64 of 899 aa and 539 aa, respectively.  

Afterward, Soowannayan et al. (2010) described that gp116 forms prominent projections on the 

coat surface of the mature virions of YHV. However, both gp116 and gp64 proteins are suspected to 

play a crucial role in host cell entrance. YHV infection in cells of primary cultures of lymphoid organs 

can be neutralized by antibodies to the gp116 glycoprotein coat but not gp64 antibodies (Assavalapsakul 

et al., 2005). It has been shown that a deletion of 162 nucleotides that correspond to 54 aa in the 

Ratchaburi/2006 chain in comparison with the Chachoengsao/1998 chain indicates a loss of six cystein-

conserved residues, which triggers a deformation in gp116, which, despite reducing the incorporation of 

virions inside the cell and eliminating the main sites of neutralization, keeps the virus highly infectious, 

virulent and able to spread (Sittidilokratna et al., 2008).  

Gangnonngiw et al. (2009) reported a kind of recombinant, atypical YHV (A-YHV) that is non 

virulent in addition to the others already evidenced YHV-1 and YHV-2, and such virulence is more 

associated with the ORF1b sequence than with the ORF3 sequence despite the large deletion of the last 

one. The YHV ORF2 gene encodes a basic protein with 146 aa that shows a high level of identity (84.9%) 

with the GAV nucleoprotein and is homologous to the GAV ORF2 gene. It is clear that this gene is 

equivalent to the non glycosylated YHV structural protein. On the other hand, a reactive monoclonal 

antibody for YHV p20 has recently presented binding to the nucleocapsid of YHV virions. The finding 

that the ORF2 gene encodes the protein N made it possible to distinguish between Okavirus crustaceans 
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and vertebrates Nidovirus, in which the N protein gene resides in the 3' end region downstream of the 

genes that encode the glycoproteins and membrane proteins of the virion, while the Okavirus encoding 

the N protein is upstream of glycoproteins (Cowley et al., 2004). The unusual location of the gene 

nucleoproteins YHV and GAV could be a consequence of genetic recombination in ancestral Nidovirus, 

since the high frequency of genetic recombination occurs in virus (+) ssRNA, and it was also proposed 

that the structural diversity and Nidovirus morphology is due to modular evolution, resulting in an 

exchange process of complete gene recombination or gene sets (Sittidilokratna et al., 2006). 

Recently, Thapanan (2014) reported that the expression of Pm clathrin AP17 in shrimp promotes 

the entry of virions into cells via endocytosis, increasing the speed of propagation of YHV, and a 

treatment based on chlorpromazine can inhibit viral replication of YHV in early stages. There are reports 

of proteins that act to the host benefit, supporting the dispersion of granular hemocytes, the same ones 

that act as the first line of defense of organisms against YHV (Havanapan, 2016). 

 

Figure 1. Life cycle graph of the YHV complex in shrimp P. monodon. 1) susceptible shrimp, 2) shrimp 
carrying YHV before becoming apparent signs, 3) shrimp with acute YHV infection, 4) dead shrimp, 5) 
shrimp with chronic YHV infection. βD) Transmission coefficient from dead infected - susceptible 
shrimp, βA) transmission coefficient from acute infection - susceptible shrimp, βC)transmission coefficient 
from chronic infection – susceptible shrimp, βD,C) transmission coefficient from dead infected carcass - 
chronic shrimp, βA,C) transmission coefficient from acute infection - chronic shrimp, βC,C)transmission 

coefficient from chronic infection - chronic shrimp, ν) the infection coefficient, )recovery coefficient to 

an acute to a chronic infection, A)mortality rate of an acute infection, C) mortality rate of a chronic 

infection and ) decay coefficient of dead infected shrimp. Redrawn from Lotz, et al., 2005.  
 

Yellow Head Virus-complex Life Cycle 

Experimentally, YHV complexes have been transmitted by per os with infected carcasses, dip in 

contaminated water (Walker et al., 2001), direct injection for research issues and cohabitation with 

infected organisms (Soowanayan, 2015). Lotz et al. (2005) proposed a hypothetical life cycle for the YHV 

complex (Figure 1), where the chronic stage is more prominent (4, βC, βD,C, βA,C, βC,C and C); in 
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asymptomatic chronic infections, (4) turns back to acute infections (3 and ) upon re-exposure, inducing 

increased complexity. This is a peculiarity of the YHV complex, where the kind of infected hosts that 

might serve as the source of exposures that would introduce a reversion remains unknown, and none of 

the parameters in this life cycle of YHV have been estimated. Cowley et al. (2002) reported that the YHV 

complex occurs by vertical transmission in the wild and in hatcheries, and this transmission develops 

from mother to offspring because the virions bind to the surface of the egg. Additionally, viruses were 

detected in the complex (e.g., GAV) in the spermatophore from infected male P. monodon, suggesting 

contamination by the male. Therefore, it has been shown that the complex YHV transmits vertically 

through contamination of the surface of the fertilized egg. 

 

Transmission routes and host range 

Pond water (transport and intake water) that carries YHV is the primary abiotic vector with fast 

dissemination and transmission to susceptible shrimp and by cannibalism of infected or moribund 

shrimp. Transmission of the YHV complex can occur by bringing infected but apparently healthy host 

crustaceans into offspring ponds and its introduction to a naive system through the use of different 

sources of infection, such as nets, feeding trays and other pond equipment.  

Although the YHV complex can remain viable for up to 72 hours in salt water, it has been 

documented that YHV1 of these complexes can be inactivated by heating (60 °C/15 min) and exposing 

it to different solutions (chlorine 30 ppm, NaOH 2%/10 min, calcium hypochlorite 30 ppm, iodine 

compounds 250 ppm/30 min and formalin 3%/10 min). There are no reports of YHV-complex survival 

using other chemical compounds, but it is likely that these viruses are sensitive to oxidizing agents, SDS, 

nonionic detergents and lipid solvents (Stentiford et al., 2009). 

Previous studies of experimentally infected P. monodon with YHV exposed frequent co-infections 

with secondary opportunistic pathogens such as bacteria and other viruses such as Hepatopancreatic 

Parvovirus (HPV), WSSV (Wang and Chang, 2000) and Monodon Baculovirus (MBV), playing an 

important role in mortalities caused by YHV and not for opportunistic pathogens (Stentiford et al., 2009). 

In these studies, on YHV, as for other shrimp viral pathogens, the infectious doses documented are 

tissue-purified volumes due to the lack of available crustacean cell lines. 

Within YHV, the main hosts are P. monodon black tiger shrimp from Asia; however, infections 

have occurred in Penaeus japonicus. On the other hand, being YHV a closely related virus to GAV, the 

susceptibility of a species to this last one is very related to which presents YHV in the same species 

(Spann et al., 2000) likewise Farfantepenaeus merguiensis and Penaeus esculentus are susceptible to the infection 

and the development of the GAV disease and it is reported that F. merguiensis from Thailand has been 

experimentally infected with YHV and has been maintained as a carrier of latent infection in culture 

systems (Flegel, 2006). In the same way, P. vannamei and P. stylirostris are not known as natural hosts, but 

they are susceptible to infection by injection or feeding with YHV-infected tissue (Lu et al., 1994).  
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In P. vannamei, there are reports that show the presence of shrimp with signs of the disease, such 

as loss of body color and mortalities of 60-70%, in farms of the central part of Thailand, where it is 

believed that the origin of these outbreaks comes from a natural reservoir, and in this species, economic 

losses of up to 3 million dollars have been reported between 2007 and 2008 (Senapin et al., 2010). YHD 

has caused economic losses estimated at 500 million dollars since its discovery until 2006 (Ligthner, 2007). 

In other palaemonids, such as Palaemonetes pugio, under some conditions, this serves as a reservoir of the 

virus, while blue crab serves only as a carrier (Ma et al., 2010). In addition,  Metapenaeus affinis was more 

susceptible to intramuscular injection and feeding than Metapenaeus brevicornis; nonetheless, both species 

of shrimp are considered carriers that can survive for long periods of time after infection, unlike some 

species of crabs, in which intramuscular infection by feeding does not proliferate, contrary to what 

happens with WSSV in these very organisms (Longyant et al., 2006). Currently, the red claw crayfish 

Cherax quadricarinatus is reported as the ideal carrier for YHV because it is susceptible, highly tolerant and 

transmits this virus without showing any signs of YHD (Soowannayan et al., 2015). 

 

Nomenclature and Taxonomy of YHV 

Initially, YHV was classified as a Baculovirus by Limsuwan in 1991, and it had a DNA core since 

its cytoplasmic nature, development, size and morphology were suggested. In addition to being known 

as a granular yellow head baculovirus, until that moment, it was not a new virus in Thailand but one that 

had been recently accepted by a dramatic increase in occurrence and severity, with the possible causes 

being an increase in reservoirs of the virus due to an increase in the activity or intensity of culture farms. 

Later, Wongteerasupaya et al., 1995 mention that YHV is an RNA virus, similar to Rhabdovirus or 

Coronavirus, which was provisionally classified as a Rhabdovirus. Currently, YHV is classified inside the 

order of Nidovirals that are mostly recognized for infecting mammals (Coronavirus, Torovirus and Arterivirus) 

but also some infect birds (Coronavirus) or invertebrates (Ronivirus).  

Nidoviruses cause a large variety of diseases, and they can vary from asymptomatic, persistent 

and carrier to cause fatal infections (Pasternak et al., 2006). Officially since 1996, the genera Coronavirus, 

Torovirus and Arteriviridae have joined the family Coronaviridae, which was initially considered unrelated to 

YHV, and recently, the family Roniviridae was admitted within the domain of invertebrate hosts.  

The taxonomy acquires its name of the singular strategy of Nidovirus to express all genes located 

downward of the replicase gene of a nested cluster of sgmRNA of 3´coterminal (form latin nidus=nest). 

However, the most important reason for this unification was found in the replicase gene itself, and 

phylogenetic analysis of the replicase domain, including the RNA dependence of the RNA polimerase 

(RdRP) and the helicase, grouped different Nidoviruses, indicating that all of them have a common 

ancestor (Cowley et al., 2000; Pasternak et al., 2006).  

YHV is a member of the family Roniviridae, and the name of this family is generated in reference 

to the form of virions that are shown as rod-shaped and gender Okavirus comes of the preference that 
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this YHV presents in the lymphoid organ named OKA because of its principal affectation tissue (Mayo, 

2002). 

 

Genotypes of the YHV complex 

YHV and GAV viruses are highly complementary in their genomes, although they present 

considerable differences that have helped to classify them as geographic topotypes or genetic lines 

(Wijegoonawardane et al., 2008). Recently, it was reported that at least eight different geographic 

topotypes of YHV were obtained by analyzing sequences of the ORF1b gene. These genetic lines are 

distributed in most of P. monodon´s natural geographic range in Africa, Asia and Australia. Among the 

assigned geographic topotypes, genotype 1 (YHV1) includes the reference chain of YHV (GenBank 

AY052786), which is the only agent capable of causing YHD. Several YHV-causing partial sequences in 

shrimp have been reported in GenBank, and some of them show tiny variations in nucleotides; however, 

the Thai sequence (THA-00D-11) and three Taiwan viruses (TWN-00-D1, TWN-00-D2 and TWN-00-

D3) are equal.  

Genotype 2 includes the reference chain of GAV (AF227196), the Australian virus of healthy or 

affected shrimp with mid-crop mortality syndrome or MCMS (AUS-97-MCMS3, AUS-97-MCMS1 and 

AUS-97-MCMS2), some Vietnamese viruses of healthy post larvae (VNM-02-H6, VNM-02-H64, VNM-

01-H65 and VNM-01-H77) and Thai viruses (THA-03-HA, THA-03-HB, THA-03-HG and THA-04-

HK). The third filogenetic group (genotype 3) comprises all healthy breeder viruses from Thailand and 

Sarawak and other viruses found in healthy post larvae from Vietnam (subgroup formed by VNM-01-

H41, VNM-01-H42, and VNM-02-H70).  

Genotype 4 includes detected viruses in three batches of healthy post larvae in Nellore India 

(IND-02-H5, IND-02-H9, and IND-02-H7). Genotype 5 comprises viruses derived from juvenile 

shrimps from Malaysia (MYS-03-H4) and Thailand (THA-03-SG21) that showed slower growth, a batch 

of healthy post larvae sampled in the Philippines (PHL-03-H8) and a virus found in P. vannamei in 

Thailand (YHV ORF 1b gene); the relation between these four viruses from genotype 5 was more 

dispersed than viruses grouped inside the other lineages (Wijegoonawardane et al., 2008). Genotype 6 is 

tightly related to genotype 2 (GAV) and comprises viruses found from Mozambique (MOZ-04-H6, 

MOZ-04-H8, MOZ-04-H9, MOZ-04-H11 and MOZ-04-H12).  

In 2015, genotype 7 (YHV7) was reported, and it was identified in P. monodon breeders with high 

mortalities collected in 2012 in Queensland Australia ponds, which came initially from the José Bonaparte 

Gulf. However, the role of the new YHV7 genotype in this episode of the disease is still unknown (Mohr 

et al., 2015). There are significant differences between the different genotypes of the YHV complex. 

YHV7 is a virulent pathogen similar to YHV1 that can cause culture mortality a few days after the 

appearance of the first signs of the disease (Callinan and Jiang, 2003). Genotype 8 (YHV8) was isolated 

from China in July 2012 and is related to YHV1, both of which form a monophyletic group.  
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The complete genome of YHV8 is 26,769 nucleotides with three open reading frames (ORFs) 

(Dong et al., 2017). YHV1 has 26,662 nucleotides distributed in four ORFs, while GAV is smaller and 

has a 26,235 nucleotide genome due to significant deletions in its intergenic regions, but 79% of its 

nucleotide sequence is identical to that of YHV1 (Cowley and Walker, 2002; Sittidilokratna et al., 2008). 

Nevertheless, GAV has an additional ORF that can be expressed in slight infections on shrimp tissues 

(Cowley et al., 2004, Cowley and Walker, 2008). The analysis of sequences of genotypes 3, 4 and 5 

indicates that their genome organization and transcription strategy are more related to GAV than to 

YHV1 (Wijegoonawardane et al., 2008). The complete genome of YHV8 was described in co-infection 

with AHPND (Dong et al., 2017), to which no genotype has been assigned. Recently, Li et al. (2018) 

established the purification and isolation of intact viral particles of genotype 8 of YHV isolated from 

China that had not been purified, where the author mentions that the rate of centrifugation for obtaining 

viral particles is decisive for obtaining full virions. 

 

Detection Methods 

To diagnose YHD, as in all diseases in aquaculture, certain basic steps and methods must be 

considered to detect YHV (etiological agent). These include anamnesis, clinical examination (clinical 

signs), microscopy (optical and electronic), bacteriology, histology, tests based on antibodies, molecular 

methods, immunological parameters and bioassays, depending on the pathology (Cuéllar-Anjel, 2008). 

Specifically, the history of YHD, as a presumptive diagnosis, has been reported as an excessive 

consumption of food between 50-70 days of juvenile P. monodon culture, preceded by an abrupt cessation 

of feeding and subsequent mortality of 100%. Between these periods, a yellowish coloration of the 

hepatopancreas and cephalothorax can be observed, both with soft texture (Lightner et al., 2012). Among 

the microscopic analyses for YHD that are performed is the hemolymph smear, as a 

preliminary/presumptive diagnosis of this disease. A smear of hemolymph YHD positive reveals 

hemocytes with pycnotic and karyorrhexic nuclei without the presence of opportunistic bacteria. Another 

presumptive diagnosis is the histological analysis of shrimp gill tissue showing severe multifocal to diffuse 

necrosis with denso-basophilic spherical cytoplasmic inclusions (Flegel, 2006), while acute and chronic 

shrimp (A and C, respectively, Figure 1) add stomach necrosis (Lightner, et al., 1999).  

To reinforce the aforementioned presumptive analysis, confirmatory dot blot or ELISAs are 

performed simultaneously using monoclonal antibodies against the gp116 coat glycoprotein of YHV 

(scFv). However, the limit of detection for the dot-blot assay is 9 ng of YHV, while with ELISA, it is 45 

ng; therefore, the dot-blot/scFv test turned out to be more sensitive, simple and fast to use in the field 

(Intorasoot et al., 2007). 

To date, the Manual of Diagnostic Tests for Aquatic Animals of OIE (2019) suggests 2 molecular 

methodologies for the detection of YHD: reverse transcription PCR (RT-PCR) and in situ hybridization 

(ISH). Among the RT-PCR analyses, 3 different protocols have been proposed, where the first detects 
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only the YHV1 genotype without detecting the other genotypes (Wongteerasupaya et al., 1995). Multiple 

nested RT-PCR is the second protocol that distinguishes YHV1 from YHV2 or GAV (Cowley et al., 

2004) and identifies the YHV8 genotype in both stages of the test (Liu et al., 2014) while only detecting 

the genotype YHV7 in the first stage of RT-PCR (Mohr et al., 2015).  

The last RT-PCR protocol is also a nested and multiple tests, which detects the YHV1-YHV7 

genotypes without differentiating them (Wijegoonawardane et al., 2008b). For this, the sequence analysis 

of each RT-PCR product must be performed. It should be mentioned that this protocol, unlike the 

second, is incapable of detecting the YHV8 genotype. In addition, Khawsak et al. (2008) reported that 

the primers used in multiple nested RT-PCR protocols do not cross with other viruses, such as WSSV, 

TSV and IHHNV. Although several ISH methods have been reported for YHD, the OIE proposes the 

protocol described by Tang et al. (2002), with which YHV1 and YHV2 (GAV) can be identified. The 

OIE recommends that for these molecular methods, fresh tissues of gills, lymphoid organs and 

hemolymph should be used.  

Currently, a real-time PCR (qPCR) test for YHV is not available in the OIE´s manual. 

Soowannayan et al. (2013) documented the effect of the antiviral tunicamycin against YHV in P. monodon, 

where they used an RT-qPCR assay to determine YHV copy numbers in hemolymph and hemocytes, 

without emphasizing the importance of this assay to detect this virus. In contrast, Arseneau and 

Laflamme (2016) implemented a methodology based on RT-qPCR with a detection limit of 170 copies 

of YHV, referencing analytical details of their assay. Similarly, in 2016, Yang and his team of collaborators 

designed an isothermal PCR-based system for the detection of at least two YHV complex genotypes, 

genotype 8 and genotype 1, with which they performed pathogen detection by detecting m 7x107, which 

was compared to conventional real-time PCR. Thus, Cowley et al. (2019) reported a real-time nested PCR 

method to identify YHV genotype 7 using ORF1b as a region of the rest of the genotypes that can be 

identified until 10 copies of the genome are identified mainly in pleopods and gills, with the two methods 

for the detection of YHV being efficient. 

 

Viral blocking of YHV as a strategy  

The viral blocking theory suggests that organisms previously infected with any viral pathogen 

acquire partial protection against a YHV infection, according to reports by Aranguren et al., (2012) who 

reported a previous infection with TSV to avoid a YHV infection, which suggests that viral interference 

exists between TSV-YHV, which could explain the absence of YHD in America, where TSV is present 

in culture ponds very often. RNA interference (RNAi) is a cell mechanism that is triggered by a double 

stranded RNA (dsRNA) fragmented by a Dicer enzyme generating small interfering RNA (siRNA), which 

is incorporated into the complex RISC (RNA-induced silencing complex) targeting the complementary 

mRNA fragmenting it into siRNA and inhibiting their translation.  
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The RNAi pathway is well documented, proving its effectiveness in abolishing the viral infections 

of pathogenic viruses in humans, such as poliovirus (Gitlin et al., 2002), human immunodeficiency virus 

HIV-1 (Novina et al., 2002), hepatitis C (Randall et al., 2003), and hepatitis B (Gilad et al., 2003). This 

suggests that this mechanism can be used as a tool for the prevention of viral diseases in aquaculture. 

Maningas et al. (2008) was the first group to report the silencing of the transcription and 

translation of clotting protein (CP) and transglutaminase (TGase), components of the humoral response 

in the shrimp innate immune system. Inoculation of dsRNA homologous to TGasas and CP inhibited 

the coagulation of hemolymph in vivo, and susceptibility to infection with Vibrio penaeicide and WSSV 

increased in dsRNA-treated organisms. Currently, treatment with RNAiis is used to determine the 

function of at least two antimicrobial peptides (AMPs) in shrimp, the antilipopolysaccharide factor (ALF) 

and crustina. ALF silencing in P. vannamei challenged with V. penaeicidae and Fusarium oxysporum 

significantly increased the susceptibility of shrimp to these pathogens (De la Vega et al., 2008). This 

shows the function of these genes in the immune activity of the shrimp. 

Shochey et al. (2008) demonstrated the antimicrobial activity of crustins (AMPs) in P. vannamei 

challenged with Vibrio penaecida previously injected with dsRNA of crustin isoforms. In this study, they 

suppressed crustin expression and later increased mortality in crustin-depleted shrimp infected with V. 

penaecida. Amparyup et al. (2009) observed that gene silencing of prophenoloxidase (proPO) in P. 

monodonwas more susceptible to Vibrio harveyi, while Fagutao et al. (2009) obtained an increase in the 

mortality of Marsupenaeus japonicus shrimp without bacterial or viral challenge when silencing proPO, 

registering an increase in the bacterial load in the hemolymph. Both studies concluded that the proPO 

system is an important component in the immune defense of the shrimp. 

Therefore, RNAi technology provides an efficient tool to analyze other genes in shrimp, such as 

the β-integrine gene that inhibits WSSV infection (Li et al., 2007), as well as to explain the function of 

other genes involved in the molting, growth and reproduction of shrimp, such as gonad-inhibiting 

hormone (Treerattrakool et al., 2008), among others involved in the antiviral response. Reports of the 

function of dsRNA in shrimp show that the exposure of P. vannamei to dsRNA induces antiviral innate 

immunity against WSSV and TSV (Mudagandur et al., 2009). Lower replications of YHV were observed 

in cells of primary culture of shrimp that were transfected with dsRNA directed to nonstructural genes 

of the virus (Tirasophon et al., 2005), and the inhibition of YHV by dsRNA resulted in significantly lower 

mortalities in P. monodon (Yodmuang et al., 2006; Tirasophon et al., 2007). As a prophylactic strategy, 

Srisapoome et al (2018), reported the use of a byproduct of paper pulp, known as Lignine Kraft, to treat 

a YHV infection in shrimp, thus stating that the concentration of 200 mg/L lignin Kraft does not affect 

the health of organisms; however, it does not work as a preventative. By direct injection, there is no 

difference between the concentration of hemocytes, but if it favors phagocytosis, lignin Kraft pre-

incubated for two hours with YHV and then delivered via promotes mortality rates by 50-60% at 14 days 
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of exposure. They conclude that the use of lignin byproducts for the treatment of YHV in shrimp should 

be reviewed in more detail. 

 

CONCLUSIONS  

Once the main features of this pathogen are known, it is easy to deduce that it is a highly fickle 

enemy, with an impressive capability of change that greatly limits the existing mitigation strategies. In 

Mexico, the attack of viral pathogens mainly in the northeast has left considerable sequels, so the presence 

of a character of this nature would have serious effects on production systems. Therefore, it is considered 

crucial to develop strategies that allow us to better understand the conditions of propagation and their 

effects on the environmental conditions of Mexican shrimp culture. 

 

REFERENCES 

Alday, V. (2000). Avances en los conocimientos de lo que se denominó YHV-like en el Ecuador. El 

mundo acuícola. 6: 3-4. 

Amparyup, P., Charoensapsri, W., Tassanakajon, A. (2009). Two prophenoloxidases are important for 

the survival of Vibrio harveyi challenged shrimp Penaeusmonodon. Dev Comp Immunology. 33:247-

256. 

Amparyup, P., Kondo, H., Hirono, I., Aoki, T., Tassanakajon, A. (2008). Molecular cloning, genomic 

organization and recombinant expression of a crustin-like antimicrobial peptide from black tiger 

shrimp Penaeusmonodon. Molecular Immunology. 45:1085-1093. 

Aranguren, L. F., Tang, K., Lightner, D. V. (2012.) Protection from yellow head virus (YHV) infection 

in Penaeus vannamei preinfected with Taura syndrome virus (TSV). Diseases of Aquatic 

Organisms.98: 185-192. 

Arseneau, J. R. and Laflamme, M. (2016). Development of RT‒qPCR methodologies for the detection 

of viral pathogens in crustaceans of commercial importance. Canadian Technical Reportof 

Fisheries and Aquatic Sciences. 3134: iii+21pp. 

Assavalapsakul, W., Tirasophon, W., Panyim, S. (2005). Antiserum to the gp116 glycoprotein of yellow 

head virus neutralizes infectivity in primary lymphoid organ cells of Penaeusmonodon. Diseases of 

Aquatic Organism. 63: 85-88. 

Callinan, R. B., Jiang, L. (2003). Fatal virus-associated peripheral neuropathy and retinopathy in farmed 

Penaeusmonodon in eastern Australia. II. Outbreak descriptions. Diseases Aquatic Organisms. 53:195-

202. 

Cowley, J. A., Cadogan, L. C., Spann, K. M., Sittidilokratna, N., Walker, P. J. (2004). The gene encoding 

the nucleocapsid protein of gill-associated nidovirus of Penaeus monodon prawns is located upstream 

of the glycoprotein gene. Journal of Virology. 78:8935-8941. 



Advances in biology through agronomy, aquaculture, coastal and environmental sciences 

|64 

Cowley, J. A., Dimmock, C. M., Spann, K. M. (2000). Gill-associated virus Penaeusmonodonprawns: an 

invertebrate nidovirus with ORF1a and ORF1b gene related arteri- and coronaviruses. Journal of 

General Virology. 81:1473-1484. 

Cowley, J. A., Rao, M., Mohr, P., Moody, N. J., Sellars, M. J., & Crane, M. S. (2019). TaqMan real-time 

and conventional nested PCR tests specific to yellow head virus genotype 7 (YHV7) identified in 

giant tiger shrimp in Australia. Journal of virological methods, 273, 113689. 

Cowley, J. A., Walker, P. J. (2002). The complete genome sequence of gill-associated virus of 

Penaeusmonodon prawn indicates a gene organization unique among nidovirus. Archives of Virology. 

147:1977-1987. 

Cowley, J. A., Walker, P. J. (2008). Molecular biology and pathogenesis of Roniviruses. En: Nidoviruses. 

S. Perlman, T. Gallagher and E.J. Snijder (ed), pp 361-362. Washington, DC. 

Cuéllar-Anjel J. (2008). Métodos de diagnóstico en enfermedades de animales marinos de cultivo. En: 

Guía Técnica - Patología e Inmunología de Camarones Peneidos. Morales, V. y Cuéllar-Anjel (ed), 

pp 2-8. Programa CYTED Red II-D Vannamei ,Panamá, Rep. de Panamá. 

De La Vega, E., O'leary, N. A., Shockey, J. E.,Robalino, J., Payne, C., Browdy, C. L., Warr, G. W., Gross, 

P. S. (2008). Anti-lipopolysaccharide factor in Litopenaeusvannamei (LvALF): a broad spectrum 

antimicrobial peptide essential for shrimp immunity against bacterial and fungal infection. 

Molecular Immunology. 45:1916-1925. 

Dong, X., Liu, S., Zhu, L., Wan, X., Liu, Q., Qiu, L., Zou, L., Zhang, Q., Huang, J. (2017). Complete 

genome sequence of an isolate of a novel genotype of yellow head virus from Fenneropenaeuschinensis 

indigenous in China. Archives of Virology. 162:1149-1152. 

Fagutao, F. F., Koyama, T., Kaizu, A., Saito-Taki, T., Kondo, H., Aoki, T., Hirono, I. (2009). Increased 

bacterial load in shrimp hemolymph in the absence of prophenoloxidase. FEBS Journal. 276:5298-

5306. 

Flegel, T. W. (2006). Detection of major penaeid shrimp viruses in Asia, a historical perspective with 

emphasis on Thailand. Aquaculture. 258(1): 1-33. 

Gangnonngiw, W., Anantasomboon, G., Sang-oum, W., Sriurairatana, S., Sritunyalucksana, K., Flegel, T. 

W. (2009). Nonvirulence of a recombinant shrimpnidovirus is associated with its nonstructural 

gene sequence and not a large structural gene deletion. Virology. 385:161-168. 

Gilad, O., Yun, S., Adkison, M. A., Way, K., Willits, N. H., Bercovier, H., Hedrick, R. P. (2003). Molecular 

comparison of isolates of an emerging fish pathogen, koi herpesvirus, and the effect of water 

temperature on mortality of experimentally infected koi. Journal of General. Virology. 84:2661-

2668. 

Gitlin, L., Karelsky, S., Andino, R. (2002). Short interfering RNA confers intracellular antiviral immunity 

in human cells. Nature. 418:430-434. 



Advances in biology through agronomy, aquaculture, coastal and environmental sciences 

|65 

International Office of Epizootics. Aquatic Animal Health Standards Commission. (2006). Manual of 

diagnostic tests for aquatic animals. Office international des épizooties. 

Intorasoot, S., Tanaka, H., Shoyama, Y., Leelamanit, W. (2007). Characterization and diagnostic use of a 

recombinant single-chain antibody specific for the gp116 envelope glycoprotein of yellow head 

virus. J. Virol. Meth.143: 186-193. 

Jitrapakdee, S., Unajak, S., Sittidilokratna, N., Hodgson, R.A., Cowley, J. A., Walker, P. J., Panyim, S., 

Boonsaeng, V. (2003). Identification and analysis of gp116 and gp64 structural glycoproteins of 

yellow head nidovirus of Penaeusmonodonshrimp. Journal of General Virology. 84:863-873. 

Khawsak, P., Deesukon, W., Chaivisuthangkura, P., Sukhumsirichart, W. (2008). Multiplex RT‒PCR 

assay for simultaneous detection of six viruses of penaeid shrimp. Mol. Cell. Probes. 22: 177-183. 

Kongprajug, A., Panyim, S., Ongvarrasopone, C. (2017). Suppression of PmRab11 inhibits YHV 

infection in Penaeus monodon. Fish & shellfish immunology, 66, 433-444. 

Li, C., Ren, Y., Dong, X., Wang, C., Huang, J. (2019). Extraction of assembling complexes of viral 

capsomers from shrimp tissue infected with yellow head virus genotype 8 (YHV-8). Journal of fish 

diseases, 42(4), 613. 

Li, D. F., Zhang, M. C., Yang, H. J., Zhu, Y. B., Xu, X. (2007). Beta-integrin mediates WSSV infection. 

Virology. 368:122-132. 

Lightner, D. V., Redman, R. M., Pantoja, C. R., Tang K. F. J., Noble, B. L., Schofield, P., Mohney, L. L., 

Nunan, L. M., Navarro, S. A. (2012). Historic emergence, impact and current status of shrimp 

pathogens in the Americas. Journal of Invertebrate Pathology. 112(2): 174-183. 

Lightner, D. V. (1999). The penaeid shrimp viruses TSV, IHHNV, WSSV and YHV: current status in 

the Americas, available diagnostic methods and management strategies. J. Appl. Aquaculture. 9:27-

52. 

Liu, H., Soderhall, K., Jiravanichpaisal, P. (2009). Activiral immunity in crustaceans Fish & Shellfish 

Immunology. 27: 79-88. 

Longyant, S., Sattaman, S., Chaivisuthangkura, P., Rukpratanporn, S., Sithigorngul, W. Sithigorngul, P. 

(2006). Experimental infection of some penaeid shrimps and crabs by yellow head virus (YHV). 

Aquaculture. 257 (1-4): 83-91. 

Lotz, J. M., Overstreet, R., Jay Grimes D. (2005). Aquaculture and animal pathogens in the marine 

environment with emphasis on marine shrimp viruses. En: Oceans and Health: Pathogens in the 

Marine Environment.Belkin S. and Colwell R. R. (ed), pp 431-45. Springer, New York. 

Lu, Y., Tapay, L. M., Brock, J. A., Loh, P. C. (1994). Infection of the yellow head baculo-like virus (YBV) 

in two species of penaeid shrimp, Penaeusstylirostris (Stimpson) and Penaeusvannamei (Boone). Journal 

of Fish Diseases.17: 649-656. 



Advances in biology through agronomy, aquaculture, coastal and environmental sciences 

|66 

Ma, H., Wang, B., Zhang, J., Li, F., Xiang, J. (2010). Multiple forms of alpha-2 macroglobulin in shrimp 

Fenneropenaeuschinesis and their transcriptional response to WSSV or Vibrio pathogen infection. Dev 

Comp Immunol. 34(6): 677-684. 

Maningas, M. B., Kondo, H., Hirono, I., Saito-Tak,i T., Aoki, T. (2008). Essential function of 

transglutaminase and clotting protein in shrimp immunity. Molecular Immunology. 45:1269-1275. 

Matjank, W., Ponprateep, S., Rimphanitchayakit, V., Tassanakajon, A., Somboonwiwat, K., & 

Vatanavicharn, T. (2018). Plasmolipin, PmPLP1, from Penaeus monodon is a potential receptor for 

yellow head virus infection. Developmental & Comparative Immunology, 88, 137-143. 

Mayo, M. A. (2002). A summary of taxonomic changes recently approved by ICTV. Arch Virology. 

147:1655-1656. 

Mudagandur, S. S., Yuanan, L. (2009). Application of nucleic-acid-based therapeutics for viral infections 

in shrimp aquaculture. Marine Biotechnology. 11: 1-9. 

Novina, C. D., Murray, M. F., Dykxhoorn, D. M., Beresford, P. J., Riess, J., Lee, S. K., Collman, R. G., 

Lieberman, J., Shankar, P., Sharp, P. A. (2002). siRNA-directed inhibition of HIV-1 infection 

nature. Med. 8: 681-686. 

OIE (2019c) Manual of Diagnostic Tests for Aquatic Animals. The World Organisation for Animal 

Health, Paris, France. Available from URL: https://www.oie.int/en/standard-setting/aquatic-

manual/access-online/.... 

Pasternak, A. O., Spaan, W. J., Snijder, E. J. (2006). Nidovirus transcription: how to make sense…? 

Journal of General Virology. 87:1403-1421. 

Randall, G., Grakoui, A., Rice, C. M. (2003). Clearance of replicating hepatitis C virus replicon RNAs in 

cell culture by small interfering RNAs. Proc. Natl. Acad. Sci. U.S.A.100:235-240. 

Senapin, S., Thaowbut, Y., Gangnonngiw, W., Chuchird, N., Sriurairatana, S., Flegel, T. W. (2010). Impact 

of yellow head virus outbreaks in the whiteleg shrimp Penaeusvannamei (Boone) in Thailand. Journal 

of Fish Diseases. 33(5): 421-430. 

Shockey, J. E.,O'leary, N. A., De La Vega, E., Browdy, C. L., Baatz, J. E., Gross, P. S. (2008). The role 

of crustins in Litopenaeusvannamei in response to infection with shrimp pathogens: An in vivo 

approach. Dev Comp Immunology. 33(5):668-673. 

Sittidilokratna, N., Dangtip, S., Cowley, J. A., Walker, P. J. (2008). RNA transcription analysis and 

completion of the genome sequence of yellow head nidovirus. Virus Research. 136: 157-165. 

Sittidilokratna, N., Hodgson, R. A. J., Cowley, J. A. (2002). Complete ORF1b-gene sequence indicates 

Yellow head virus is an invertebrate nidovirus. Diseases Aquatic Organism. 50: 87-93. 

Sittidilokratna, N., Phetchampai, N., Boonsaeng, V., Walker, P. (2006). Structural and antigenic analysis 

of the yellowhead virus nucleocapsid protein p20. Virus Research. 116:21-29. 



Advances in biology through agronomy, aquaculture, coastal and environmental sciences 

|67 

Soowannayan, C., Chanarpakorn, N., Phanthura, M., Deekhlai, N., Kunasol, C., and Sriurairatana, S. 

(2013). N-Linked glycosylation is essential for the yellow head virus replication cycle. Journal of 

General Virology. 94: 2458-2468. 

Soowannayan, C., Cowley, J. A., Pearson, R. D., Wallis, T., Gorman, J. J., Wojtek, P., Walker J. P. (2010). 

Glycosylation of gp116 and gp64 envelope proteins of yellow head virus of Penaeusmonodon shrimp. 

Journal of General Virology. 91: 2463-2473. 

Soowannayan, C., Nguyen, G.T., Pham, L. N., Phanthura, M., Nakthong, N. (2015). Australian red claw 

crayfish (Cheraxquadricarinatus) is susceptible to yellow head virus (YHV) infection and can transmit 

it to the black tiger shrimp (Penaeusmonodon). Aquaculture. 445: 63-69. 

Spann, K., Donaldson, R., Cowley, J., Walker, P. (2000). Differences in the susceptibility of some penaeid 

prawn species to gill-associated virus (GAV) infection. Diseases of aquatic organisms.42: 221-225. 

Srisapoome, P., Hamano, K., Tsutsui, I., Iiyama, K. (2018). Immunostimulation and yellow head virus 

(YHV) disease resistance induced by a lignin-based pulping byproduct in black tiger shrimp 

(Penaeus monodon Linn.). Fish & shellfish immunology, 72, 494-501. 

Stentiford, G. D., Bonami, J. R., Alday-Sanz, V. (2009). A critical review of susceptibility of crustaceans 

to Taura syndrome, yellowhead disease and white spot disease and implications of inclusion of 

these diseases in European legislation. Aquaculture. 291:1-17. 

Tirasophon, W., Roshorm, Y., Panyim, S. (2005). Silencing of yellow head virus replication in penaeid 

shrimp cells by dsRNA. BiochemBiophys Res Commun. 334:102-107. 

Tirasophon, W., Yodmuang, S., Chinnirunvong, W., Plongthongkum, N., Panyim, S. (2007). Therapeutic 

inhibition of yellow head virus multiplication in infected shrimps by YHV-protease dsRNA. 

Antiviral Res. 74:150-155. 

Treerattrakool, S., Panyim, S., Chan, S. M., Withyachumnarnkul, B., Udomkit, A. (2008). Molecular 

characterization of gonadinhibiting hormone of Penaeusmonodon and elucidation of its inhibitory 

role in vitellogenin expression by RNA interference. FEBS J. 275(5): 970-980. 

Vliet, V. A. L., Smits, S. L., Rottier, P. J. M., De Groot, R. J. (2002). Discontinuous and nondiscontinuous 

subgenomic RNA transcription in a nidovirus. EMBO J. 21: 6571-6580. 

Walker, P. J., Cowley, J. A., Spann, K. M. (2001). Yellow head complex viruses: transmission cycles and 

topographical distribution in the Asia-Pacific region. En: The New Wave: Proceedings of the 

Special Session on Sustainable Shrimp Culture, Aquaculture. Browdy, C.L., Jory, D.E. (ed), pp 227-

237. The World Aquaculture Society, Baton Rouge. 

Wang, Y. C., Chang, P. S. (2000). Yellow head virus infection in the giant tiger prawn Penaeus monodon 

cultured in Taiwan. Fish Pathology 35:1-10. 

Wijegoonawardane, P. K. M., Cowley, J. A., Walker, P. J. (2008). Consensus RT-nested PCR detection 

of yellow head complex genotypes in penaeid shrimp. J. Virology Methods. 153: 168-175. 



Advances in biology through agronomy, aquaculture, coastal and environmental sciences 

|68 

Wongteerasupaya, C., Vickers, J., Sriurairatana, S. (1995). A nonoccluded, systemic baculovirus that 

occurs in cells of ectodermal and mesodermal origin and causes high mortality in the black tiger 

prawn Penaeus monodon. Diseases Aquatic Organism. 21:66-77. 

Yang, H. L., Qiu, L., Liu, Q., Wan, X. Y., Liu, S., Zhu, L. L., ... Huang, J. (2016). A novel method of real‐

time reverse‐transcription loop‐mediated isothermal amplification developed for rapid and 

quantitative detection of a new genotype (YHV‐8) of yellow head virus. Letters in applied 

microbiology, 63(2), 103-110. 

Yodmuang, S., Tirasophon, W., Roshorm, Y., Chinnirunvong, W., Panyim, S. (2006). YHV-protease 

dsRNA inhibits YHV replication in Penaeusmonodon and prevents mortality. Biochemistry 

Biophysics Research Community. 341:351-356. 

 



Advances in biology through agronomy, aquaculture, coastal and environmental sciences 

|104 
 

Index 

A 

Agroecology, 97 

antimicrobial, 17, 18, 20, 22, 23 

antioxidant, 17, 18, 21, 23 

B 

Biomass, 83, 84, 85 

C 

Capsicum, 27, 28, 32 

Carbon, 83, 85, 86, 87 

E 

extracts, 6, 7, 8, 9, 10, 11, 12, 13 

F 

flavonoids, 6, 7, 9, 10, 12, 13 

G 

Growth, 69, 71, 75, 76 

H 

hydroalcoholic extracts, 17 

L 

Larrea tridentata, 17 

leaves, 17, 18, 21, 26 

Lipids, 42 

M 

Maturation time, 33 

mortality, 46, 47, 50 

O 

Oreochromis niloticus, 69, 70 

P 

Parkinsonia, 6, 7, 9, 11, 13 

Peduncular cavity of fruit, 33 

Probiotics, 69, 70 

S 

shrimp, 46, 47, 48, 49, 50 

syndrome, 46, 47, 48 

T 

Two-dimensional plot, 33 

W 

Water, 91 

Water quality, 69, 71 

Windbreaks, 97, 98 

 



Advances in biology through agronomy, aquaculture, coastal and environmental sciences 

|105 
 

Editors 

 

 Dr. Leandris Argentel Martínez 

Profesor e Investigador Titular “C” del Tecnológico Nacional de México, 

Campus Valle del Yaqui (ITVY). Miembro del Sistema Nacional de 

Investigadores, Nivel 1 (SNI-1). Profesor Perfil Deseable (PRODEP) de 

la Secretaría de Educación Pública de México, Líder del Cuerpo 

Académico ITVAYA-CA-3.  Líneas de investigación: Fisiología Vegetal, 

Bioquímica, Biología Celular y Molecular en plantas y microorganismos. 

Doctorado en Ciencias Biotecnológicas. Desarrollo de investigaciones 

sobre mecanismos fisiológicos, rutas anapleróticas y mecanismos 

moleculares activados por los organismos durante su adaptación a 

condiciones adversas como el cambio climático. Aplicación de técnicas 

experimentales univariadas y multivariadas para el monitoreo de 

germoplasmas a través de indicadores moleculares. Uso de marcadores 

moleculares de tolerancia de los organismos al estrés abiótico (salinidad, sequía y calor). Manejo de 

técnicas de isótopos estables para el seguimiento de reacciones bioquímicas en células y tejidos. Síntesis 

de metabolitos secundarios en plantas con fines farmacológicos. Entre sus principales proyectos, se 

encuentra vigente en 2022 “Aplicaciones del microbioma y el metaboloma de la Parkinsonia aculeata L.  

Sp. Pl. para la mitigación de estreses biótico y abiótico en el semidesierto y en especies de interés agrícola 

en México” correo electrónico para contacto: oleinismora@gmail.com.   

 

 

 Dra. Ofelda Peñuelas Rubio 

Profesor e Investigador Titular “C” del Tecnológico Nacional de México, 

Campus Valle del Yaqui (ITVY). Miembro del Sistema Nacional de 

Investigadores, Nivel 1 (SNI-1). Profesora con Perfil Deseable 

(PRODEP) de la Secretaría de Educación Pública de México, miembro 

del Cuerpo Académico ITVAYA-CA-3. México. Realizó dos estancias 

posdoctorales (Enero 2016-Diciembre 2017) dentro del programa de 

Estancias Nacionales de CONACYT en el Centro Interdisciplinario de 

Investigación para el Desarrollo Integral Regional unidad Sinaloa del 

Instituto Politécnico Nacional en el área de Ecología Molecular de la 

Rizósfera. Es Doctora en Ciencias especialidad en Biotecnología. Su 

quehacer científico lo desarrolla en el área agrícola, principalmente en el 

manejo sustentable de los recursos implicados en los agroecosistemas y el 

aprovechamiento de la microbiota del suelo. Ha participado en colaboración con distintos grupos de 

investigación lo que le ha permitido participar en proyectos multidisciplinarios y en publicaciones 

científicas. Email para contacto: ofeperub@gmail.com.  

 



 

 

 

Pantanal Editora 
Rua Abaete, 83, Sala B, Centro. CEP: 78690-000 

Nova Xavantina – Mato Grosso – Brasil 
Telefone (66) 99682-4165 (Whatsapp) 
https://www.editorapantanal.com.br 

contato@editorapantanal.com.br 


